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PROJECT OVERVIEW

This project used Earth Probe Total Ozone Mapping Spectrometer (EP TOMS) along-track ozone

retrievals, in conjunction with ancillary meteorological fields and modeling studies, for high

resolution investigations of upper troposphere and lower stratosphere dynamics. Specifically, high-

resolution along-track (Level 2) EP TOMS data were used to investigate the beautiful fine-scale

structure in constituent and meteorological fields prominent in the evolution of highly non-linear

baroclinic storm systems. Comparison was made with high resolution meteorological models. The

analyses provide internal consistency checks and validation of the EP TOMS data which are vital

for monitoring ozone depletion in both polar and midlatitude regions.
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Abstract

High-resolution(about40kin) along-tracktotal columnozone data from the Total

Ozone Mapping Spectrometer (TOMS) instrument are compared with high-resolution

mesoscale numerical model analysis of an intense cyclone in the Midwestem United

States. Total ozone increased by about 100 DU (nearly 38%) as the TOMS

instrument passed over the associated tropopause fold region. Surprisingly complex

organization is seen in the meteorological fields and compares well with the total

ozone observations. Ozone data support meteorological analysis showing that

stratospheric descent was confined to levels above about 600 hPa; significant positive

potential vorticity at lower levels is attributable to diabatic processes. Likewise,

meteorological field_; show that two pronounced ozone streamers extending north and

northeastward into Canada at high levels are not bands of stratospheric air feeding

into the cyclone; one is a channel of exhaust downstream from the sYstem, the other

apparently previously connected the main cyclonic circulation to a southward

intrusion of polar stratospheric air and advected eastward as the cut-off cyclone

evolved. Good agreement between small-scale features in the model output and total

ozone data underscores the latter's potential usefulness in diagnosing

upper-tropospheric/lower-stratospheric dynamics and kinematics.
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Abstract

Theroleof drystratosphericairdescendingto low andmiddletroposphericlevelsin
asevereweatheroutbreakin theMidwesternUnitedStatesisexaminedusingNCEP
Etamodeloutput,RapidUpdateCycle(RUC)analyses,andEarthProbeTotalOzone
MappingSpectrometer(EP/TOMS)total ozonedata.Backwardtrajectoriesshow
stratosphericair descendedto 800 hPajust west of the severeconvectionin the
region.Damagingsurfacewindsnotassociatedwith thunderstormsalsooccurredin
the region of greatest stratospheric descent. Small-scale features in the
high-resolutiontotal ozonedatacomparefavorablywith geopotentialheightsand
potentialvorticity fields, supportingthenotionthat stratosphericair descendedto
nearthesurface.Detailedverticalstructurein thepotentialvorticity appearsto be
capturedby thesmall-scaletotalozonevariations.Thecapabilityof thetotalozone
toidentifymesoscalcfeaturesassistsmodelverification.Thetotalozonedatasuggest
biasesin theRUC analysisandEtaforecastof this event.The total ozoneis also
useful in determiningwhetherpotential vorticity is of stratosphericorigin or is
diabaticallygeneratedin thetroposphere.
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Abstract

We presentevidencefor stratosphericmasstransportinto, and remainingin, the
tropospherein an intensemidlatitudecyclone.Mesoscaleforecastmodelanalysis
fieldsfrom theMesoscaleAnalysisandPredictionSystem(MAPS)werecompared
with total ozoneobservationsfrom the Total OzoneMeasurementSpectrometer
(TOMS).Coupledwithparcelback-trajectorycalculations,theanalysessuggesttwo
mechanismscontributedtothemassexchange:(1)A regionof dynamically-induced
exchangeoccurred on the cyclone'ssouthernedge. Parcels originally in the
stratospherecrossedthejet coreandexperienceddilution by turbulentmixing with
troposphericair. (2) Diabatic effectsreducedparcelpotential vorticity (PV) for
trajectoriestraversingprecipitationregions,resultingin a'" PV-hole"signaturein the
cyclonecenter.Air with lower-stratosphericvaluesof ozoneandwatervaporwasleft
in thetroposphere.Thestrengthof thelatterprocessmaybeatypical.Theseresults,
combinedwith otherresearch,suggestthatprecipitation-induceddiabaticeffectscan
significantly modifi¢(either decreasingor increasing)parcelpotential vorticity,
dependingonparceltrajectoryconfigurationwith respecttojet coreandmaximum
heatingregions.In addition,theseresultsunderscoretheimportanceofusingnotonly
PV but also chemical constituentsfor diagnosesof stratosphere-troposphere
exchange(STE).
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